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(57) ABSTRACT

An attemperation system and an atomizing air system are
integrated for a combined cycle turbine including a gas tur-
bine and a steam turbine. The atomizing air system receives
compressor discharge air for fuel atomization. The atomizing
air system includes an atomizing air cooler that serves to cool
the compressor discharge air. A heat recovery steam generator
receives exhaust from the gas turbine and generates steam for
input to the steam turbine via an attemperation system. A feed
water circuit draws feed water from the heat recovery steam
generator and communicates in a heat exchange relationship
with the atomizing air cooler to heat the feed water. The feed
water circuit communicates the heated feed water to the
attemperation system of the heat recovery steam generator.

9 Claims, 2 Drawing Sheets
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1
ATOMIZING AIR HEAT EXCHANGE FOR
HEATING ATTEMPERATION FEED WATER
IN A COMBINED CYCLE TURBINE

BACKGROUND OF THE INVENTION

The invention relates to improving the power output in a
combined cycle turbine system and, more particularly, to
utilization of atomizing air heat rejection by integrating with
the bottoming cycle for improving the power output of the
combined cycle.

Inatypical combined cycle system, a gas turbine combusts
a fuel/air mixture which expands to turn the turbine and drive
a generator for the production of electricity. The hot gases of
combustion exhaust into a heat recovery steam generator in
which water is converted to steam in the manner of a boiler.
Steam thus produced drives a steam turbine, typically com-
prising high, intermediate and low pressure turbines, in which
additional work is extracted to drive a further load such as a
second generator for producing additional electric power. In
some configurations, the gas and steam turbines drive a com-
mon generator and, in others, drive different generators.

Liquid fuel machines use a portion of compressor dis-
charge air for atomization. The compressor discharge air
(CPD) s cooled, moisture separated and supplied to the atom-
izing air (AA) compressor. The high pressure air from the AA
compressor is used for atomization of liquid fuel for efficient
combustion. The CPD air is cooled by rejecting heat to closed
cooling water in a heat exchanger. It would be desirable to use
this rejected heat more efficiently.

BRIEF DESCRIPTION OF THE INVENTION

In an exemplary embodiment, an attemperation system and
an atomizing air system are integrated for a combined cycle
turbine including a gas turbine and a steam turbine. The
atomizing air system receives compressor discharge air for
fuel atomization. The atomizing air system includes an atom-
izing air cooler that serves to cool the compressor discharge
air. A heat recovery steam generator receives exhaust from the
gas turbine and generates steam for input to the steam turbine
via an attemperation system, which controls a temperature of
the steam. A feed water circuit draws feed water from the heat
recovery steam generator and communicates in a heat
exchange relationship with the atomizing air cooler to heat
the feed water. The feed water circuit communicates the
heated feed water to the attemperation system of the heat
recovery steam generator.

In another exemplary embodiment, a feed water circuit for
attemperation in a heat recovery steam generator via an atom-
izing air system includes a feed water extraction line commu-
nicating feed water from the heat recovery steam generator; a
feed water inlet line in series with the feed water extraction
line and communicating the feed water to an atomizing air
cooler of the atomizing air system; a heat exchange line in
series with the feed water inlet line and disposed in a heat
exchange relationship with the atomizing air cooler; and an
attemperation line in series with the heat exchange line and
communicating heated feed water from the heat exchange
line to an attemperation inlet in the heat recovery steam
generator.

In still another exemplary embodiment, a method of attem-
perating steam using an integrated attemperation and atom-
izing air system for a combined cycle turbine includes the
steps of receiving compressor discharge air in the atomizing
air system for fuel atomization, the atomizing air system
including an atomizing air cooler that serves to cool the
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compressor discharge air; receiving, in a heat recovery steam
generator, exhaust from the gas turbine and generating steam
for input to the steam turbine; drawing feed water from the
heat recovery steam generator and heating the feed water by
communicating in a heat exchange relationship with the
atomizing air cooler; communicating the heated feed water to
anattemperation system of the heat recovery steam generator;
and controlling a temperature of the steam by the attempera-
tion system.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic illustration of an integrated attem-
peration and atomizing air system and feed water circuit of a
first embodiment; and

FIG. 2 is a schematic illustration of an integrated attem-
peration and atomizing air system and feed water circuit of a
second embodiment.

DETAILED DESCRIPTION OF THE INVENTION

FIG. 1 shows an integrated attemperation and atomizing air
system in a combined cycle turbine including a gas turbine 10
and a steam turbine 12. The numbers followed by ‘F’ in the
drawings refer to fluid temperatures in degrees Fahrenheit (°
F.). Typical liquid fuel machines use a portion of compressor
discharge air from the gas turbine for atomization. In an
atomizing air system 14, a portion of the compressor dis-
charge air 16 is directed to an atomizing air cooler 18. In a
conventional atomizing air system, the atomizing air cooler
18 cools the discharge air via a heat exchange relationship
with a cooling tower or the like. Moisture is separated from
the cooled air via a moisture separator 20 and is filtered by a
filter 22 before being directed to an atomizing air compressor
24. The cooled, dry and filtered air is used for atomization of
liquid fuel in the gas turbine fuel nozzles 26.

Hot gases of combustion from the gas turbine 10 exhaust
into a heat recovery steam generator (HRSG) 121 in which
water is converted to steam which drives the steam turbine 12.
The HRSG 121 typically includes a low pressure section, an
intermediate pressure section, and a high pressure section,
respectively including evaporators and/or superheaters such
as low pressure evaporator 122, intermediate pressure evapo-
rator 123, reheat superheaters 124, high pressure superheater
125, etc. As shown in FIG. 1, steam via the high pressure
superheater 125 drives the steam turbine and is exhausted via
a condenser 127. Superheated steam leaving the HRSG is
conventionally controlled (and cooled) by injection of a water
spray in a steam attemperator 131 generally located upstream
of' the final superheater passes.

The integrated attemperation and atomizing air system of
the described embodiments efficiently utilizes heat rejected
by the atomizing air cooler 18 by heating condensate water
from the HRSG 121 of the steam turbine 12. In the embodi-
ment shown in FIG. 1, LP water from LP pump discharge via
the LP evaporator 122 can be directed via a suitable pump 129
and a feed water circuit to the atomizing air cooler 18 of the
atomizing air system 14 in a heat exchange relationship. The
heat being rejected by the atomizing air cooler 18 to cool the
compressor discharge air can be used to heat the feed water
for main/reheat attemperation.

At base load, the main and reheat attemperation flows may
be 4500 pph and 1500 pph, respectively. This flow will go
higher during part load operations. The required amount of
heated condensate can be used for attemperation, and excess
can be dumped to the IP evaporator 123 or the L.P evaporator
122. Inan exemplary construction, the LP water can be heated
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to about 430° F., which can be used to control a temperature
of the steam via attemperation.

With continued reference to FIG. 1, the feed water circuit
for attemperation in the HRSG 121 includes a feed water
extraction line 28 that communicates the feed water from the
HRSG 121. A feed water inlet line 30 is provided in series
with the feed water extraction line 28 and communicates the
feed water to the atomizing air cooler 18 of the atomizing air
system 14. A heat exchange line 32 is in series with the feed
water inlet line 30 and is disposed in a heat exchange rela-
tionship with the atomizing air cooler 18. An attemperation
line 34 in series with the heat exchange line 32 communicates
heated feed water from the heat exchange line 32 to an attem-
peration inlet 36 in the HRSG 121. The circuit may addition-
ally include an excess line 38 parallel to the attemperation line
36 that directs excess heated feed water to the intermediate
pressure section or the low pressure section of the HRSG 121.

FIG. 2 shows an alternative embodiment of the integrated
attemperation and atomizing air system. In this embodiment,
condensate water from the HRSG 121 comprises CEP 128
discharge, rather than feed water from the LP evaporator 122.
In an exemplary construction, the condensate water from the
CEP discharge is typically at 100° F. and can be heated to
about 300° F. using the compressor discharge air 16 via the
atomizing air cooler 18. As shown, the CEP 128 acts between
the condenser 127 and the atomizing air cooler 18. An excess
line 39 parallel to the attemperation line 36 directs excess
heated feed water to the low pressure evaporator 122 via a
de-aerator 130.

The structure of the described embodiments avoids the use
of flue gas heat for attemperation, rather more efficiently
using atomizing air heat. As a consequence, bottoming cycle
efficiency is increased, thereby improving the power output
of the combined cycle. In an exemplary construction, the
power output was increased by 400 kW at base load.

While the invention has been described in connection with
what is presently considered to be the most practical and
preferred embodiments, it is to be understood that the inven-
tion is not to be limited to the disclosed embodiments, but on
the contrary, is intended to cover various modifications and
equivalent arrangements included within the spirit and scope
of the appended claims.

What is claimed is:

1. An integrated attemperation and atomizing air system
for a combined cycle turbine including a gas turbine and a
steam turbine, the system comprising:

an atomizing air system that receives compressor discharge
air for fuel atomization, the atomizing air system includ-
ing an atomizing air cooler that serves to cool the com-
pressor discharge air;

a heat recovery steam generator receiving exhaust from the
gas turbine and generating steam for input to the steam
turbine via an attemperation system that controls a tem-
perature of the steam; and

a feed water circuit that draws feed water from the heat
recovery steam generator and communicates in a heat
exchange relationship with the atomizing air cooler to
heat the feed water while cooling the compressor dis-
charge air through the atomizing air cooler, the feed
water circuit communicating the heated feed water to the
attemperation system of the heat recovery steam genera-
tor,

wherein exhaust from the steam turbine is communicated
to a condenser, and wherein the feed water circuit draws
the feed water from condenser output via a line extend-
ing from the condenser output to the air cooler bypassing
the heat recovery steam generator.
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2. An integrated attemperation and atomizing air system
according to claim 1, further comprising a pump interposed
between the condenser and the atomizing air cooler, the pump
increasing a pressure of the feed water.

3. An integrated attemperation and atomizing air system
according to claim 1, wherein the feed water circuit com-
prises an excess line that directs excess heated feed water to
the intermediate pressure section or the low pressure section
of the heat recovery steam generator.

4. An integrated attemperation and atomizing air system
according to claim 1, further comprising a condensate extrac-
tion pump acting between the condenser and the atomizing air
cooler.

5. A feed water circuit for attemperation in a heat recovery
steam generator via an atomizing air system, the feed water
circuit comprising:

a feed water extraction line communicating feed water to a
feed water inlet line in series with the feed water extrac-
tion line, the feed water inlet line communicating the
feed water to an atomizing air cooler of the atomizing air
system,

a heat exchange line in series with the feed water inlet line
and disposed in a heat exchange relationship with the
atomizing air cooler, the heat exchange line raising a
temperature of the feed water; and

an attemperation line in series with the heat exchange line
and communicating heated feed water from the heat
exchange line to an attemperation inlet in the heat recov-
ery steam generator,

wherein a steam turbine receives steam from the heat
recovery steam generator, wherein exhaust from the
steam turbine is communicated to a condenser, and
wherein the feed water extraction line draws the feed
water from condenser output via a line extending from
the condenser output to the atomizing air cooler bypass-
ing the heat recovery steam generator.

6. A feed water circuit according to claim 5, further com-
prising a pump interposed between the condenser and the
atomizing air cooler, the pump increasing a pressure of the
feed water.

7. A feed water circuit according to claim 5, further com-
prising an excess line parallel to the attemperation line that
directs excess heated feed water to the intermediate pressure
section or the low pressure section of the heat recovery steam
generator.

8. A feed water circuit according to claim 5, further com-
prising a condensate extraction pump acting between the
condenser and the atomizing air cooler.

9. A method of attemperating steam using an integrated
attemperation and atomizing air system for a combined cycle
turbine including a gas turbine and a steam turbine, the
method comprising:

receiving compressor discharge air in the integrated attem-
peration and atomizing air system for fuel atomization,
the integrated attemperation and atomizing air system
including an atomizing air cooler that serves to cool the
compressor discharge air;

receiving in a heat recovery steam generator exhaust from
the gas turbine and generating steam for input to the
steam turbine;

communicating exhaust from the steam turbine to a con-
denser;

drawing feed water from an output of the condenser via a
line extending from the condenser output to the atomiz-
ing air cooler bypassing the heat recovery steam genera-
tor and heating the feed water while cooling the com-
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pressor discharge air by communicating in a heat
exchange relationship with the atomizing air cooler;
communicating the heated feed water to an attemperation
system of the heat recovery steam generator; and
controlling a temperature ofthe steam by the attemperation 5
system.



